Introduction {#Sec1}
============

Approximately 40 % of adverse events (AE) occur in the operating room (OR), and up to 50 % of these are considered avoidable errors \[[@CR1]\]. In industrialised countries, mortality rates associated with surgery are estimated to be 0.4 to 0.8 % \[[@CR2]\] but may be as much as 10 times higher in developing countries \[[@CR3]\]. In response to the need to minimise the potential of AE in high-risk clinical environments, patient safety experts have advocated the use of standardised processes. Efforts to mitigate the potential for errors and omissions during surgery have culminated in the development and use of strategies that have the potential to improve team performance, with a particular focus on communication. The introduction of safety checklists in surgery represents one strategy aimed at using a consistent approach in interdisciplinary team communications. However, despite the benefits associated with the use of checklists in surgery, universal implementation and compliance has been reported as being variable and inconsistent \[[@CR4]\]. Further, there has been limited, if any, synthesis of the contextual issues associated with checklist introduction in surgery using an implementation science framework. In this review, we used a realist synthesis methodology to explain when, why, and how surgical safety checklist implementation adherence interventions work.

Background {#Sec2}
==========

Over the last 10 years, the use of checklists in surgery has come into prominence. In 2008, the Surgical Safety Checklist (SSC) was a key outcome of the World Health Organization's (WHO) *Safe Surgery Saves Lives* campaign. Since its introduction, the use of the WHO SSC has been mandated in operating rooms in over 4130 hospitals across 122 countries \[[@CR5]\]. The original WHO SSC includes 19 items across three time-critical checkpoints: sign-in, timeout, and sign-out \[[@CR6]\]. These checks are performed when the patient enters the OR, just prior to the procedure, and upon its completion. Checklist items require verbal confirmation by members of the surgical team of the completion of critical steps for ensuring the safe delivery of anaesthesia, antibiotic prophylaxis, availability of equipment, and other essential practices in surgery \[[@CR6]\]. The intent of the checklist as a safety tool is to create a dialogue among team members, improving team communications and flattening the hierarchy that often characterises the culture of surgical teams \[[@CR7], [@CR8]\]. Checklists also function as an aide memoir for including key information or actions that may otherwise be overlooked or forgotten, thereby reducing the potential for human error \[[@CR7], [@CR9]\].

Improvements in team communications, a reduction in interruptions and distractions, and an increase in error identification and prevention of AE have been attributed to the use of surgical safety checklists \[[@CR10], [@CR11]\]. In terms of surrogate patient outcomes, there is persuasive evidence to support the effectiveness of checklists in relation to reducing mortality and complication rates following surgery. The results of several meta-analyses suggest that there is an association with checklist use and reductions in mortality \[[@CR12], [@CR13]\], wound infection \[[@CR13], [@CR14]\], pneumonia \[[@CR14]\], blood loss \[[@CR14]\], and any complication \[[@CR13], [@CR14]\].

Arguably, evidence of checklist effectiveness on outcomes is important \[[@CR11], [@CR15]\]; yet, there is often a disconnect between discussion of effectiveness and the manner and context in which the intervention was delivered. Evidence is also needed about the ways in which implementation of checklists vary in practice and across populations and healthcare settings \[[@CR16]\]. This is especially crucial when the interventions are underpinned by behavioural change strategies and typically require multiple interactions over an extended period of time. These interactions have been described as being part of an 'implementation chain' that is only as strong as its weakest link \[[@CR17]\]. Therefore, greater knowledge of the factors that affect each link of the chain may enable the chain to be strengthened. As such, uncovering these understandings may inevitably determine how a behaviour change intervention will work.

Realist synthesis approach {#Sec3}
==========================

The framework used to inform this synthesis on implementation and sustained use of checklists in surgery is Pawson's \[[@CR17]\] and Rycroft-Malone's \[[@CR18]\] realist evaluation approach. The realist approach is an emerging strategy for synthesising evidence and focuses on providing explanations for why implementation interventions may or may not work form whom, in what contexts, how and under what conditions, and *why* \[[@CR18], [@CR19]\]. Realist synthesis involves reviewing the evidence from complex interventions and assumes that no causal theory can always explain or predict outcomes in every context \[[@CR20]\]. Thus, realism uses a contextually bound approach to causality: It is especially useful for exposing and disentangling the complexities of context and underlying interrelated mechanisms of implementation interventions \[[@CR18]\]. Realism represents a major departure from conventional systematic reviews in that its goal is explanatory rather than summative \[[@CR17]\]. This approach is well suited to undertaking a synthesis to develop explanatory models in areas where data are insufficient to identify and test relationships. The end product of the synthesis is not a summary of the evidence in support of relationships between the intervention and the outcome. Rather, the result is an explanatory model or candidate theory focusing on the characteristics of the intervention that makes it work (or not) in a given context and should allow implementation at the level of the mechanisms of action \[[@CR18]\]. Complex behaviour-based interventions comprise theories, involve the actions of individuals, consist of an interrelated chain of steps or processes that interact and are rarely linear, are embedded in a social system, and are predisposed to modifications \[[@CR21], [@CR22]\]. As such, the underlying premise is that in a particular context, individuals are likely---but not always certain---to make similar choices. Consequently, specific contexts influence decisions that over time become emerging patterns of behaviour \[[@CR17]\].

Purpose {#Sec4}
-------

The purpose of our review was to explain when, why, and how implementation of surgical safety checklist interventions worked, or did not work well, *and why*. Specifically, our research question was as follows: *What aspects of checklist implementation determined success or failure in various situations and contexts and why?* We addressed this question through the identification and examination of underlying generative mechanisms (M) associated with the intervention, contexts, or conditions (C) under which the mechanisms operate and the outcomes (O) produced \[[@CR4], [@CR18]\]. That is, the action of the particular mechanism in a particular context will generate a particular outcome. Therefore, *if* the right processes operate in the right conditions *then* implementation will be sustained. Mechanisms have the potential to change minds and attitudes---and consequently, change behaviour \[[@CR19]\]. To date, the theory underpinning healthcare professional behaviour change interventions is seldom explicated. In the context of surgery, it was not possible to unpack and explain the many intricacies associated with complex behaviour change interventions used to implement checklist use: Instead, we sought to gain insights and explanations that would be generalizable across multiple situations and contexts. As a starting point, we examined the implementation science literature on behaviour change interventions used in healthcare \[[@CR16], [@CR20], [@CR21]\] and evaluated critically the evidence base that supports them, drawing on empirical data. The consequences of this synthesis were as follows:Comparative analysis of approaches used to implement surgical safety checklistsIndicators to guide the choice of approaches that match the particular contextIndicators that may lead to the development of an explanatory model that can be used in implementation for healthcare organisations

Methods {#Sec5}
=======

Realist review process {#Sec6}
----------------------

The steps involved in the realist review process run parallel to conventional systematic reviews; however, in the former, these steps are iterative as opposed to being linear and sequential \[[@CR22]\]. Rather than reviewing a focused literature addressing an a priori set of questions, the realist review itself generated some initial questions and led to the identification of more questions. Hence, a broad range of publications was needed to address questions about why, when, and how the intervention worked. The resultant model must be outcome focussed, uncovering 'what works' within different contexts and circumstances \[[@CR22]\]. We adopted the framework proposed by Pawson \[[@CR17], [@CR19]\] and Rycroft-Malone et al. \[[@CR22]\] which involves the following steps: scoping the review, searching and appraising the evidence, extracting and synthesising findings, and drawing conclusions and making recommendations.

Search methods and data sources {#Sec7}
-------------------------------

A literature search dating back to 2008 was performed as checklist protocols such as the WHO SSC were developed and introduced from 2008 onwards. Articles were included if they were based on research and used either quantitative or qualitative methods, described the use of checklists in surgery, and focused on some aspect of checklist implementation (i.e. acceptability and/or compliance). Papers were excluded if they were not published as full-text articles, did not describe the process of implementation, or were based on commentaries or discussion papers. A combination of medical subject headings and key words included surgical checklist, safety checklist, WHO checklist, implementation, compliance, and adherence. Databases used in the search included PubMed, Cumulative Index of Nursing and Allied Health Literature (CINAHL), PsycINFO, and ProQuest Central. We stopped reviewing papers when data saturation had been reached.

Middle-range theory identification {#Sec8}
----------------------------------

The middle-range theories we identified a priori provided a starting point in our efforts to explain what types of checklist implementation interventions work in surgery, for whom, and in what circumstances. The initial identification of middle-range theories in realist synthesis is essentially a speculative and iterative process \[[@CR17], [@CR23], [@CR24]\]. As part of this process, we were also able to identify indicators that guided the choice of approaches used across contexts (consequence 2) and which would inform the development of an explanatory model (consequence 3). We initially identified theories which we believed to be evident to explicate the occurrence of certain outcomes. However, a necessary component of realist synthesis is to explore the applicability of these theories and, where appropriate, test their explanatory value \[[@CR17]\]. During this iterative process, the validity of prospective middle-range theories was repeatedly questioned and refined, where appropriate. The included studies were again rechecked against the middle-range theories to establish which of the theories---if any---explained the outcome (i.e. sustained use of the safety checklist). In each paper, we sought data to test (i.e. refute, confirm, or refine) the middle-range theory by assessing its relevance and rigour \[[@CR17]\]. Where the theories failed to explain the data, we sought new ones that would better explain data in the included studies. We applied the extracted evidence to these theories, iteratively refining our explanatory model to best explain the existing data. We generated broad themes and subthemes and listed propositions in relation to the delivery and sustainment of the implementation interventions.

We identified a priori, two middle-range theories to provide insights into the necessary processes for optimising the implementation and adoption of checklist protocols in practice. The first, Normalisation Process Theory (NPT), is useful in identifying factors that promote or inhibit the incorporation of complex intervention into clinical practice \[[@CR25], [@CR26]\]. The theory is also helpful in explaining how the intervention works, not only from early implementation but beyond the point where implementation becomes so much a part of clinical practice that it 'disappears from view', i.e. normalised. The four components of NPT include the following: coherence (sense-making), cognitive participation (engagement), collective action (actions that enable the intervention to be implemented), and reflexive monitoring (formal and informal assessment of the benefits and costs of the intervention) \[[@CR25], [@CR27]\]. As part of embedding a practice so that it becomes 'normalised' into routine work patterns, gaining an understanding of what health professionals do and how they work is crucial to inform how such practices can be sustained \[[@CR26]\].

In seeking further explanation for our emerging explanatory theory, we also drew on Braithwaite et al.'s \[[@CR28]\] Responsive Regulation Theory (RRT). In RRT, 'regulation' refers to 'steering the flow of events' and encompasses strategies ranging from persuasion to enforcement that typically involve actors and multiple mechanisms. Responsive regulators use 'softer' mechanisms which traditionally rely on the premise that clinicians will change behaviour voluntarily and on self-regulation by professional groups \[[@CR28]\]. These mechanisms are based on trust and respect as opposed to opting for immediate enforcement; nevertheless, there is necessarily the capacity to lead to sanction or even punishment. These mechanisms are mapped using twin complementary pyramids that symbolise either supports or sanctions. Figure [1](#Fig1){ref-type="fig"} has been adapted from Braithwaite et al.'s \[[@CR28]\] original model. This middle-range theory provides a nuanced approach given that implementation of complex behaviour change interventions in healthcare settings often requires both graduated and multiplex regulation \[[@CR28]\].Fig. 1Pyramids of regulatory supports and sanctions, adapted from Braithwaite et al. \[[@CR27]\]

Quality appraisal {#Sec9}
-----------------

In realist synthesis, the reviewer 'data mines' each publication for evidence of its contribution to the development of the explanatory model \[[@CR17]\]. Each piece of data is appraised for its utility and relevance, and the value of the evidence is based on its contribution to understanding of the questions in the review.

Data abstraction and synthesis {#Sec10}
------------------------------

As a precursor to data abstraction, we developed a data extraction tool to cover a broad range of information and to permit consolidation of the data across studies. Pawson \[[@CR17]\] has warned against using such tools as they do not account for diversity in the data and, thus, may constrain flexibility. To address this potential, we ensured our extraction tool was broad enough to capture diversity in the research methods used. An overview of the information extracted on contextual factors that may affect the implementation process is presented as Additional file [1](#MOESM1){ref-type="media"}. We applied this template to the introduction, methods, results, and discussion sections of each report. Differences in coding were discussed with other team members and resolved by consensus.

Explanatory focus {#Sec11}
-----------------

We focussed the review based on (i) the authors' speculations about the barriers and facilitators to successful implementation; (ii) the authors' speculations about the effects that characteristics of the intervention, context, and participants had on implementation; (iii) analysis of mediators or moderators that influenced implementation or outcomes (where mediators suggest *how* and *why* an intervention produces its effect and moderators suggest on *whom* or *under what conditions* an intervention produces its effect \[[@CR29]\]); (iv) the ways in which the authors addressed challenges during the implementation process; and (v) participants' reports of satisfaction, feasibility, and/or acceptability of implementation.

Results {#Sec12}
=======

Search outcomes {#Sec13}
---------------

Thirty-five primary studies where checklist implementation and evaluation were described were included in the final analysis (Additional file [2](#MOESM2){ref-type="media"}). Data saturation was reached at 30 papers although we reviewed a further 5 papers to confirm that saturation was evident. Just under half (15/35) of these studies used either direct observations or audit or both, 11 others used surveys, and 7 were qualitative studies. The majority (31/35) of studies reported the implementation of the WHO Surgical Safety Checklist or an adaptation of this checklist protocol.

In keeping with realist synthesis methodology, we examined each step in the explanatory model separately, analysing data from all relevant publications that included data for that step \[[@CR22]\]. Despite some limitations in data suitability in our included studies, the data available enabled us to broadly address the goals of the review. The types of interventions used in each study are detailed in Table [1](#Tab1){ref-type="table"}. Where possible, we have drawn a comparative analysis of the approaches used to embed surgical safety checklists (consequence 1). Of the 35 studies included, 16 reported using educational sessions \[[@CR18], [@CR30]--[@CR45]\]; however, there was limited, if any, detail about the number and duration of sessions (i.e. dose) offered or content covered in these sessions. There was also variability in the number of sessions staff were required to attend, and in some cases, particular professional disciplines (i.e. nurses) were required to attend, while other disciplines (i.e. physicians) were not. One study used an environmental redesign strategy in the form of interactive whiteboards for the 'timeout' section of the SSC checklist \[[@CR46]\]. Over half (15/35) of the studies \[[@CR18], [@CR33], [@CR35], [@CR40], [@CR42], [@CR46]--[@CR55]\] had 'limited' or 'no' implementation approach, i.e. there was either a perceived lack of awareness of a pre-planned implementation strategy or checklist introduction was not formally consolidated by any further implementation strategies. Although evidence of tailoring was described in only two studies \[[@CR63], [@CR64]\], the checklist was modified or adapted to context in 21 studies (where reported) \[[@CR31]--[@CR33], [@CR36], [@CR39], [@CR40], [@CR42]--[@CR45], [@CR49], [@CR48], [@CR51], [@CR52], [@CR54], [@CR55], [@CR57]--[@CR59], [@CR61], [@CR63]\]. In the studies where compliance rates were reported, adherence for the check-in phase ranged from 23 to 98 % \[[@CR18], [@CR31], [@CR32], [@CR34], [@CR36]--[@CR39], [@CR41], [@CR45], [@CR46], [@CR48], [@CR50], [@CR52], [@CR55], [@CR56], [@CR58]\] while timeout ranged from 19 to 100 % \[[@CR18], [@CR32], [@CR36]--[@CR39], [@CR41], [@CR42], [@CR45], [@CR46], [@CR48], [@CR50]--[@CR52], [@CR54], [@CR58], [@CR59]\], and sign-out ranged from 2 to 93 % \[[@CR31], [@CR32], [@CR36], [@CR37], [@CR39], [@CR41], [@CR45], [@CR46], [@CR48], [@CR50], [@CR52], [@CR55], [@CR59]\]. Of the 35 studies, 8 reported attitudinal improvements in communication or safety culture \[[@CR36], [@CR38], [@CR39], [@CR45], [@CR47], [@CR49], [@CR50], [@CR53]\]. Follow-up periods to ascertain sustainability ranged from 1 to 12 months \[[@CR31], [@CR41], [@CR42], [@CR44], [@CR50], [@CR62]\].Table 1Implementation interventions and approaches used in each studyImplementationNumber of studies (*n* = 35)Reported inTypes of interventions*n* ^a^% Opinion leaders514.3Bittle \[[@CR62]\], Bohmer et al. \[[@CR33]\], Conley et al. \[[@CR60]\], Styer et al. \[[@CR43]\], Yuan et al. \[[@CR44]\] Modelling411.4Bohmer et al. \[[@CR33]\], Conley et al. \[[@CR60]\], Haugen et al. \[[@CR36]\], Norton and Rangel \[[@CR45]\] Widespread communication1028.6Bashford et al. \[[@CR31]\], Bell and Pontin \[[@CR57]\], Berrisford et al. \[[@CR58]\], Haugen et al. \[[@CR36]\], Haynes et al. \[[@CR37]\], Kearns et al. \[[@CR50]\], Levy et al. \[[@CR40]\], Norton and Rangel \[[@CR45]\], Stryer et al. \[[@CR43]\], van Klei et al. \[[@CR61]\] Educational sessions1645.7Askarian et al. \[[@CR30]\], Bashford et al. \[[@CR31]\], Bliss et al. \[[@CR32]\], Bohmer et al. \[[@CR33]\], de Vries et al. \[[@CR34]\], Gillespie et al. \[[@CR35]\], Haugen et al. \[[@CR36]\], Haynes et al. \[[@CR37]\], Helmio et al. \[[@CR38]\], Kwok et al. \[[@CR39]\], Levy et al. \[[@CR40]\], Anonymous \[[@CR41]\], Sparkes and Rylah \[[@CR42]\], Styer et al. \[[@CR43]\], Kasatpibal et al. \[[@CR18]\], Yuan et al. \[[@CR44]\] Self-assessment12.8Bashford et al. \[[@CR31]\] Clinical training1131.4Bashford et al. \[[@CR31]\], Berrisford et al. \[[@CR58]\], Bittle \[[@CR62]\], Calland et al. \[[@CR47]\], Haugen et al. \[[@CR36]\], Haynes et al. \[[@CR37]\], Kwok et al. \[[@CR39]\], Norton and Rangel \[[@CR45]\], Sewell et al. \[[@CR53]\], Vats et al. \[[@CR54]\], Yuan et al. \[[@CR44]\] Audit and feedback720.0Bashford et al. \[[@CR31]\], Berrisford et al. \[[@CR58]\], Bittle \[[@CR62]\], Bliss et al. \[[@CR32]\], Haugen et al. \[[@CR36]\], Truran et al. \[[@CR51]\], van Klei et al. \[[@CR37]\] Environmental redesign12.8Mainthia et al. \[[@CR46]\] Rewards/incentives00- Coercion00- Restrictions/sanctions00- Performance data822.8Askarian et al. \[[@CR30]\], Berrisford et al. \[[@CR58]\], Bliss et al. \[[@CR32]\], de Vries et al. \[[@CR34]\], Haynes et al. \[[@CR37]\], Kwok et al. \[[@CR39]\], Sewell et al. \[[@CR53]\], Yuan et al. \[[@CR44]\]Approach Planned1645.7Askarian et al. \[[@CR30]\], Bashford et al. \[[@CR31]\], Bell and Pontin \[[@CR57]\], Berrisford et al. \[[@CR58]\], Bittle \[[@CR62]\], Bliss et al. \[[@CR32]\], Conley et al. \[[@CR60]\], Haugen et al. \[[@CR36]\], Haynes et al. \[[@CR37]\], Helmio et al. \[[@CR38]\], Kwok et al. \[[@CR39]\], Norton and Rangel \[[@CR45]\], Anonymous \[[@CR41]\], Stryer et al. \[[@CR43]\], van Klei et al. \[[@CR61]\], Yuan et al. \[[@CR44]\] Limited/none1542.8Bohmer et al. \[[@CR33]\], Calland et al. \[[@CR47]\], Gillespie et al. \[[@CR35]\], Levy et al. \[[@CR40]\], Mainthia et al. \[[@CR46]\], Pérez-Guisado \[[@CR48]\], Sparks and Rylah \[[@CR42]\], Takala et al. \[[@CR49]\], Kearns et al. \[[@CR50]\], Sewell et al. \[[@CR53]\], Rydenfalt et al. \[[@CR52]\], Truran et al. \[[@CR51]\], Vats et al. \[[@CR54]\], Vogts et al. \[[@CR55]\], Kasatpibal et al. \[[@CR18]\] Evidence of tailoring25.7Foucade et al. \[[@CR63]\], Russ et al. \[[@CR64]\]^a^Not all studies reported implementation strategies used

Application of the data to the explanatory model {#Sec14}
------------------------------------------------

We applied the evidence synthesised through this review to the Normalisation Process Theory (NPT) framework with the results presented in Additional file [3](#MOESM3){ref-type="media"}. Our findings suggest that implementation of safety checklists in surgery had limited coherence for participants, particularly for physicians, many of whom believed that the formal introduction of a checklist was redundant as they were already enacting these principles in practice. Participants were unable to perceive the overall benefits to team members and patients, despite the intent of the checklist being focussed on the deliberate communication of information to all team members. In the majority of review studies, there was limited engagement (i.e. cognitive participation) as evidenced by variations in checklist item usage rates, and this was often discipline-specific. This culminated in low collective action because of the perceived inconvenience associated with checklist implementation and the added workload this imposed. There was, however, robust evidence of reflexive monitoring as participants reported work process improvements (e.g., venous thromboembolism/antibiotic prophylaxis rates) and enhanced safety culture, morale, and satisfaction. Yet in those studies that reported longitudinal data on checklist compliance, there was evidence of intervention decay in consistency in checklist completion rates.

In testing the relevance of the Responsive Regulation Theory (RRT) to the data extracted, we found robust evidence for the use of implementation interventions that reflected 'softer' regulatory strategies of support (and/or reward) rather than 'sanction' (and/or punishment). In 16/35 studies, participants were supported with the requisite education in the use of a checklist protocol. Study site hospitals ran in-service programmes (e.g. lectures/presentations), and some conducted multiple training sessions alongside dissemination through local newsletters and posters. Five studies reported enlisting opinion leaders to promote checklist use among staff. Insofar as using regulatory strategies from the sanction pyramid (Fig. [1](#Fig1){ref-type="fig"}), eight review studies reported monitoring relative to clinical audit (i.e. compliance) and published performance data (i.e. clinical or adverse incident rates). Notably, 100 % compliance with specific subsections (e.g. timeout) or items was reported in only two studies \[[@CR40], [@CR59]\]. In Levy et al.'s \[[@CR40]\] study, compliance rates were drawn retrospectively from the electronic medical record.

Explanatory model {#Sec15}
-----------------

During the process of theory synthesis, we generated propositions to further refine our explanatory model. These four propositions focussed on the identification of factors that impact on the mechanism (process) of checklist implementation relative to tailoring to context, practice fidelity, and sustainment. Table [2](#Tab2){ref-type="table"} presents the propositions, the mechanism of implementation, and the alignment of these mechanisms with the emergent explanatory theory and the identified middle-range theories.Table 2Propositions used to further refine the explanatory modelPropositionMechanism of implementationCoherence with middle-range theory (supporting data from review studies)Checklist protocols that are prospectively tailored to the context are more likely to be used and sustained in practice.Process simplificationNormalisation Process Theory • Keeping it simple • Modifying to reflect workflow • Tailoring to contextReflection • Collective learning • Monitoring • Feeding backFidelity and sustainability is increased when checklist protocols can be seamlessly integrated into daily professional practice.Process simplificationNormalisation Process Theory • Keeping it simpleResponsive Regulation Theory • Modifying to reflect workflow • Tailoring to contextReflection • Collective learning • Monitoring • Feeding backRoutine embedding of checklist protocols in practice is influenced by factors that promote or inhibit clinicians' participation.Active leadershipResponsive Regulation Theory • Discipline leaderNormalisation Process Theory • Frontline decision-making • Active participationSupport strategies • Controlled roll-out • Support without sanction • Communicating the messageProcess simplification • Keeping it simple • Modifying to reflect workflow • Tailoring to contextReflection • Collective learning • Monitoring • Feeding backRegulation reinforcement mechanisms that are more contextually responsive should lead to greater compliance with using checklist protocols.Active leadershipResponsive Regulation Theory • Discipline leader • Frontline decision-making • Active participationSupport strategies • Controlled roll-out • Support without sanction • Communicating the message

### Proposition 1: Checklist protocols that are prospectively tailored to the context are more likely to be used and sustained in practice {#Sec16}

There is inadequate data in relation to the implementation process (i.e. rationale for selection of interventions), tailoring (i.e. barrier analysis and protocol modifications), and sustainment (i.e. longitudinal follow-up compliance data). In the review studies, most checklists were reportedly modified to reflect current work practices, but the specific nature of these modifications was not detailed. In three review studies \[[@CR45]--[@CR47]\], participants specifically adapted the checklist protocol to their particular context (i.e. paediatric, general, or laparoscopic surgeries) and had either revised specific items to make them more relevant or had used novel interactive implementation strategies, e.g. electronic whiteboard with traffic light colours to denote that the checks were carried out. These strategies culminated in substantial increases in core item compliance rates post-implementation ranging from 50 to 82 % \[[@CR46]\]. Real-world compliance with checklists varies: In one hospital in the Netherlands, completion rates were as low as 39 % \[[@CR61]\]; while a recent Canadian study \[[@CR65]\] found that self-reported compliance rates across 101 hospitals were high, ranging from 92 to 98 % \[[@CR63]\]. In many of the review studies, early checklist implementation culminated in team-based checks as opposed to checks that were performed by individuals alone. In 16/35 studies, participants reported improvements in work processes (i.e. risk identification, contingency planning), safety climate, teamwork, and communication \[[@CR18], [@CR33], [@CR36]--[@CR39], [@CR45], [@CR47], [@CR49], [@CR50], [@CR53], [@CR54], [@CR57]--[@CR59], [@CR62]\]. In contrast with these findings, Truran et al. \[[@CR51]\] reported a reduction in venous thromboembolism compliance following checklist implementation. In those studies where longitudinal data were collected over 6--12 months, usage patterns were variable and compliance rates across some checklist items waned. As none of the review studies reported how implementation may have been influenced by the presence or absence of broader contextual events (e.g. organisational restructuring and changes in clinical leadership), their impacts on implementation and sustainability are unknown.

### Proposition 2: Fidelity and sustainability is increased when checklist protocols can be seamlessly integrated into daily professional practice {#Sec17}

We found limited support for this proposition as implementation was not sufficiently reported in the review studies to speculate about fidelity. Despite an intervention being deemed to be demonstrably efficacious, its long-term impact is contingent on its effectiveness in the 'real world', that is, the clinical environment \[[@CR67]--[@CR69]\]. Obstacles such as workload and the complexity of role interdependency shape the context in which surgical teams work \[[@CR70]\]. In the complex arsenal of safety improvement initiatives, Bosk \[[@CR71]\] warns against the assumption that the 'simple checklist' as a technical/adaptive solution will necessarily address broader contextual issues---i.e. the sociocultural problems. Sustainability in safety improvement clearly needs organisational and professional commitment to a wider set of interventions concerning safety in the surgical process \[[@CR65], [@CR71], [@CR72]\]. Our findings suggest that the success of embedding a new or innovative clinical practice in surgery is especially challenging when it is being implemented against the backdrop of team culture: that is, organisational and operating room norms and expectations, and the surgical team, a tripartite composed of health professionals from disparate disciplinary orientations and practice paradigms \[[@CR8]\]. Clearly, the ways in which safety improvement initiatives such as checklists are embedded in clinical practice has consequences---and their implementation can culminate in their misuse or non-use \[[@CR4]\]. In most of our review studies, checklists were incompletely or inconsistently executed.

### Proposition 3: Routine embedding of checklist protocols in practice is influenced by factors that promote or inhibit clinicians' participation {#Sec18}

There was moderate support for this proposition. Factors such as forgetfulness, time constraints, and duplication were identified as barriers to implementation success, \[[@CR34], [@CR53], [@CR63], [@CR64]\] but they may actually be surrogates for a perceived lack of value for the practice. In several of our review studies, checklist implementation posed logistical challenges in relation to workflow, especially during emergency procedures \[[@CR35], [@CR50], [@CR55], [@CR63], [@CR64]\]. In one study \[[@CR52]\], nursing staff were not observed to participate in the 'timeout' section of the checklist as they were already engaged in performing other intraoperative tasks such as draping the patient. The study authors speculated that the lack of nurses' compliance in this process was related to gaps in their understanding of the intent of the checklist as a risk management tool. Aspects of context such as organisational culture, professional identity, workload, and professional identity were recognised in several review studies \[[@CR35], [@CR42], [@CR43], [@CR63]\] and in relation to being either barriers or enablers to checklist implementation \[[@CR63], [@CR64]\]. Undoubtedly, a mandatory checklist can be difficult or even impossible to implement without the support from senior leaders within the organisation \[[@CR71]\].

### Proposition 4: Regulation reinforcement mechanisms that are more contextually responsive should lead to greater compliance in using checklist protocols {#Sec19}

There was partial support for this proposition. Most implementation interventions occurred in relation to supports provided and focussed on engaging health professionals rather than sanctioning them. There were no serious sanctions evident in any of the studies---perhaps because surgical teams function interdependently and so rely on the interdisciplinary knowledge of others within the team. Conceivably, any form of serious sanction may impact on team dynamics and professional relations. On the sanction pyramid, 'soft' regulation in the form of monitoring compliance through audit and reporting was evident in several studies \[[@CR54], [@CR56], [@CR58], [@CR62]\]. Although this mechanism of sanction proved to be reasonably effective, the reporting processes (i.e. publication of non-compliant individuals' names) used in these studies was not explicit. As such, it is impossible to speculate about whether checklist implementation vis-à-vis sustained compliance and patient/team outcomes would have been better than those reported. Notably, non-compliance in checklist use was not interpreted by participants as a deliberate violation of any agreed standard. No cases of serious disciplinary sanctions, e.g. reprimand, suspension, or dismissal for refusal to follow a protocol directive, were known or reported in any of the review studies. In Australia, as in countries such as the United States of America (USA), financial penalties apply to some adverse events (e.g. pressure injuries). However, unlike the USA where the 'Universal' checklist protocol is mandated for hospitals seeking accreditation by the US Joint Commission, the Australian hospital accreditation agency currently has a non-mandatory standard.

The body of literature on checklists reflects the growing debate about managing the issues around the unintended consequences of their mandatory introduction in surgery. For instance, Urbach and colleagues \[[@CR65]\] conducted a population-based survey of 101 Ontarian hospitals and found that outcomes changed significantly---for better or worse. The authors of that study concluded that checklist use did not culminate in striking improvements in patient outcomes, a finding that runs counter to other studies \[[@CR37], [@CR61], [@CR70]\] in this field. In an earlier qualitative study, Thommasen et al. \[[@CR72]\] found that using checklists was perceived as having the opposite effect for which they were intended. That is, rather than focussing on the patient, using the checklist actually diverted team members' attention away from the patient. While checklists are specifically intended to improve communication between team members and their patients, they can also act as distractions or may even lead to complacency. Complacency is the biggest threat to patient safety particularly when it is the prevailing belief of healthcare organisation leaders that mandating checklists offers the panacea \[[@CR71]\]. A chilling reminder of the unintended effects of checklist use is wrong site surgery, which persists despite mandating their use.

Interaction of contexts and causal mechanisms on implementation and sustainment {#Sec20}
-------------------------------------------------------------------------------

Pawson and Tilley's \[[@CR24]\] *context + mechanism → outcome* framework was applied to describe the complex relationships between the causal mechanisms and the effects that particular contexts have on their implementation and the outcome. Additional file [4](#MOESM4){ref-type="media"} illustrates the CMO configuration of checklist implementation and sustainability in surgery. The emergent explanatory model is illustrated in Fig. [2](#Fig2){ref-type="fig"}. Factors that feed into the *context* include the need for patient safety, culture of surgery, professional identity, organisational and departmental factors, workload and time, and characteristics of the implementers (i.e. practice paradigm, knowledge/skills, beliefs, memory). Success or failure in implementation of any new or innovative practice in surgery is determined by the synergy of these omnipresent contextual factors, which can act either as barriers or enablers to implementation and sustainment of checklist protocols. In realist terms, there are multiple mechanisms that influence the outcome \[[@CR19]\]; the *mechanisms* through which checklist implementation is operationalised include four processes: *active leadership*, *support strategies*, *process simplification*, and *reflection*. The interaction of these mechanisms and the interventions that support them (Fig. [2](#Fig2){ref-type="fig"}, text in the black arrows) operating to various degrees, depending on context to yield the *outcome*, sustained work process improvement.Fig. 2Explanatory model for implementation and sustainment of checklists in surgery

*Active leadership* mechanisms that encourage leadership, decision-making at the point of care, and team participation are moderated by organisational climate, professional identity, and the characteristics of the implementers. In contexts where checklist protocols were introduced and led by physicians, work process improvements were more likely to be sustained in practice \[[@CR39], [@CR58]\]. When implementation was devolved to other team members such as nurses, protocol fidelity and sustainability were limited \[[@CR35], [@CR40]\]. Mechanisms that encompass *support strategies* are designed *to* engage stakeholders in dialogue and support rather than threaten and encourage learning. Yet, the poise between using 'softer' versus 'harder' regulation processes is tenuously balanced and is contingent on contextual factors such as organisational and departmental expectations, norms, and safety climate. Ultimately, regulation is controlled by broader societal norms and expectations \[[@CR28], [@CR71]\], and therefore, checklist implementation will necessarily require modification from time to time. *Process simplification* involves tailoring the checklist protocol to the nuances of the context, which ensures that practice sustainment over time will be more likely. However, success or failure is contingent on contextual factors such as organisational climate, culture of surgery, and workload and time \[[@CR73]\].

Discussion {#Sec21}
==========

Summary of main findings {#Sec22}
------------------------

Through the use of realist evaluation methodology, we have uncovered how various types of surgical safety checklist protocols are being used in the reality of the clinical setting. In doing so, the findings from this synthesis have increased understanding of the ways in which implementation interventions may bring about behaviour change. Ours is the first realist synthesis to examine the implementation and sustained use of checklist protocols in surgery. Two consequential and meaningful findings have emerged: First, the sustained use of surgical checklists is discipline-specific and is more successful when medical staff are actively participating and leading the implementation process. Second, involving clinicians in tailoring the checklist to the nuances of their context and encouraging them to reflect on and evaluate the implementation process enable greater participation and ownership. The degree of success or failure in implementation and sustainment relies on sociocultural factors, the ways in which individuals respond, their reasoning, and the resources they have available---all of which obviously vary \[[@CR74]\]. Implementation of behavioural interventions designed for practice improvement is rarely, if ever, completely successful or unsuccessful, having patches of success or failure. Across our review studies, implementation of checklist protocols led to improved work process practices and teamwork in some settings but failed or had limited success in others. Conceivably, the chain of implementation is only as strong as its weakest link \[[@CR17]\]: In implementing surgical checklists, the weakest link in the chain appears to include leadership, tailoring, and reflection on the process. Undoubtedly, context and mechanism factors that underpin the implementation chain are inexorably intertwined and either support or inhibit the attainment of desired outcomes \[[@CR17]\].

The crucial role of context {#Sec23}
---------------------------

In the implementation of safety improvement initiatives, the criticality of *context* in successful implementation cannot be ignored. It is essential to determine the effectiveness of these initiatives relative to particular clinical settings \[[@CR74], [@CR75]\]. In addition to questions of effectiveness (i.e. whether, how, and why), implementers must consider the unintended adverse consequences of implementing safety practices \[[@CR71], [@CR74]\]. In order to evaluate the effectiveness of safety improvement initiatives across contexts, it is imperative to describe systematically each context to determine the ways in which it is similar and different from others. As part of the evaluation process, implementers must also ascertain to what extent these similarities and differences might impact on the effectiveness of the practice being implemented \[[@CR74]\]. The explanatory theory developed through this realist synthesis extends beyond the focus of implementation and its causal chain to include an understanding of contextual factors and how they help or hinder implementation of surgical, safety checklists as just one of many safety improvement initiatives. Theory has not commonly been used in the field of safety research to inform implementation \[[@CR75], [@CR76]\]. None of the studies included in our synthesis proposed explicit theory or logic to explain why implementation of a checklist protocol should work. Theory applied in safety improvement research can help to explain clinical and organisational behaviour (e.g. compliance/non-compliance), tailoring of interventions to a given problem or context, and evaluating implementation and the mechanism of action \[[@CR74], [@CR75]\].

Selection of interventions {#Sec24}
--------------------------

Many of the interventions used to change professional behaviour in our review had modest and variable effects which may be attributed to the ways in which the interventions were selected. Selection of interventions across these studies appeared often to be based on disciplinary discretion rather than on an explicit rationale that takes targeted behaviour and context into account based on identified barriers and enablers. Michie and colleagues' \[[@CR16], [@CR79]\] Theoretical Domains Framework (TDF) provides researchers, clinicians, and policy makers with a coherent guide to selecting behaviour change interventions based on identifying contextual barriers and enablers. The TDF is a systematic method of selection which improves intervention design because it incorporates a wide-ranging understanding of the nature of the behaviour that requires change, the context, and the practitioners involved \[[@CR16]\]. Standardised behaviour change interventions that use a 'top down' approach may lack flexibility to respond to local barriers and circumstances \[[@CR77]\]. Moreover, in implementation, it is not about *what* is done but more about *how* all of the strategies interact in the multifaceted intervention \[[@CR20], [@CR78]\]. For the studies included herein, it is unclear *what* component (i.e. active ingredient) of the intervention affected the change in individuals' practice behaviours vis-à-vis checklist use. The intensity of the intervention 'dose' was also unclear.

Tailoring {#Sec25}
---------

Tailoring will accommodate context but should also address barriers. In the studies we reviewed, tailoring occurred at one level: checklist modification to make it 'local' in response to context. Checklist tailoring may involve rationalising the items on the checklist to be more specific to the surgical specialty, e.g. hospital that only does ophthalmology, and thus, where appropriate, such modifications are more likely to lead to sustained use. In Australia and New Zealand, several peak professional organisations (e.g. Royal Australasian College of Surgeons, Australian College of Operating Room Nurses, Australian and New Zealand College of Anaesthetists) have developed modified versions of the WHO SSC. These efforts acknowledge the importance of tailoring the checklist to the local conditions of the organisation. However, changes over time can render a well-designed intervention irrelevant if professional practice standards change or legislation is introduced \[[@CR66], [@CR79]\]. Hence, prior to implementation, it is important for interventionists to consider likely changes and implications for those whom the intervention is designed \[[@CR79], [@CR80]\]. Despite the growing imperative to cultivate health consumer engagement \[[@CR16], [@CR79]\], health consumers, being the recipients of care, do not appear to be engaged in the introduction and tailoring of checklist protocols in surgery, albeit that patients undergoing surgery may potentially influence implementation. Clearly, there is an increasing need to understand the role that health consumers have in identifying/developing interventions targeted to effect behaviour change.

Implementation fidelity and sustainability {#Sec26}
------------------------------------------

A safety checklist should be implemented to align with its intentions, i.e. to improve work processes through better team communications. Being realistic in implementation means focussing on what can be done and setting aside what may seem desirable but not feasible \[[@CR80]\]. Ideally, fidelity of implementation should centre on factors that enable work process improvements. In some review studies, process adherence was evaluated longitudinally but had, over time, decayed. Our findings support the notion that flexibility in process and reflexivity seem integral to sustainability. In an earlier Cochrane review, 26 randomised controlled trials found that interventions that had been tailored to address contextual barriers to change were more likely to improve professional practice compared with no intervention or dissemination of guidelines \[[@CR20]\]. However, most methods to develop tailored interventions need further development. Our synthesis has revealed that in most instances, the interventions were implemented inconsistently, rendering their impact and overall sustainment limited. It is important to garner staff perceptions of barriers to enable tailoring of interventions to the context \[[@CR78], [@CR79]\].

Strengths and limitations {#Sec27}
-------------------------

We recognise that this synthesis has some limitations. First, the quality of the review is only as robust as the primary studies on which the synthesis is based. A major constraint is that the majority of the studies included in our review gave only a cursory description of the implementation strategies used to embed surgical safety checklists in practice. The lack of data in this regard imposes caveats on the extent to which all aspects of the explanatory theories identified herein can be applied to the clinical contexts where checklist implementations occurred. Most of the papers included did not provide information on the fidelity of intervention delivery. Perhaps richer and more detailed descriptions of the implementation process used would have permitted a more fine-grained analysis of the contextual barriers and enablers to implementation. Subsequently, testing our middle-range theories and propositions may have resulted in findings with fewer nuances. Moreover, in answering the same research questions, a different group of researchers may have inevitably identified a different set of primary sources and made different judgements about their quality and relevance. Arguably, this is an inherent characteristic in any realist review that addresses the nuances of implementing complex interventions across different organisational, social, or environmental contexts. Importantly, the reviewer's interpretive judgements are integral to the synthesis process and can never fully be standardised or rationalised \[[@CR23], [@CR66]\].

Conclusions and recommendations {#Sec28}
===============================

Rather than attempting to control contextual factors, they need to be harnessed because they inevitably determine the mechanisms that are activated to generate the outcomes. Despite that the explanatory model generated herein is in its early stages of development, it may be used to inform areas where further translational research in this area is needed. Through the use of realist evaluation methodology, we envisage these findings may assist clinical leaders and hospital administrators to select appropriate interventions to their particular context. We recommend that future researchers test the explanatory model developed through this synthesis specifically focussing on yielding more data on checklist implementation, viz undertaking process evaluations and designing studies across multiple healthcare settings and then collecting data on how implementation varied across contexts. The explanatory model developed herein is intended to provide the evidence needed to strengthen each link in the implementation chain.

Additional files {#Sec29}
================

Additional file 1:**Data synthesis: categories of information extracted from primary reports.**Additional file 2:**Feasibility/acceptability/fidelity studies of surgical checklist implementation interventions (** ***n*** ** = 35).**Additional file 3:**NPT analysis for evaluation of checklist implementation in surgery.**Additional file 4:**CMO configuration in relation to sustainability of checklists in surgery.**
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